THIS paper was read at the Symposium on World Medicine during the Sesquicentennial of the Yale University Medical School, 17 March 1961. I am proud to have it included in this tribute to John R. Paul whose friendship I am privileged to enjoy and from whose learning and wisdom I have so much benefited.
ISCHAEMIC HEART DISEASE -A WORLD PROBLEM Ischaemic heart disease is very unevenly distributed throughout the world, and one of the few facts concerning its etiology is that populations with low standards of living suffer from it far less than do populations with high standards of living. Nevertheless, the disease is of concern to all countries, since it seems to follow inexorably in the wake of industrial and economic advances. In fact, India has been one of the leading proponents of its study by the World Health Organization.
In the United States of America ischaemic heart disease (IHD) is often called Public Health Problem No. 1. Its incidence among middle-aged men in Framingham, Massachusetts, is a little more than one percent per year.1 Thus, if this figure is typical, very little arithmetic is required to show that one of every three or four Americans suffers a clinical episode of IHD in middle age. Judging from mortality data,' the experience in Sweden is much better, the rate there being only about one-third that in the United States, while the rates for England fall somewhere between these two. The wide range of IHD found in the highly developed countries offers hope for its eventual control short of abolishing western civilization.
In any consideration of IHD, it is necessary to remember two sets of facts which have now been established. The (i) Coronary atheroma and coronary occlusion. The basic pathology of the disease consists of the presence of atheroma or atherosclerosis in the walls of the coronary arteries, together with narrowing or closure of the vessel lumina by an intravascular thrombosis and its organization. The more the walls of the arteries are affected by atherosclerosis, the more likely is occlusion to occur. However, epidemiological evidence agrees with clinical experience and laboratory experiment that occlusion is by no means a simple function of the amount of atherosclerosis or the extent of atheroma."4 It follows that coronary occlusion and coronary atheroma have different causes; and since for the development of IHD, both are necessary, IHD must have multiple causes. There can not be a single or simple cause of IHD like saturated fat, or lack of exercise, or "nervous strain".
(ii) High blood cholesterol, high blood pressure, and IHD. The principle findings of studies conducted in Framingham, Massachusetts,' in Albany, New York,5 and elsewhere, are that hypercholesterolemia and hypertension are harbingers of IHD. The higher the levels of these two, the greater the risk of IHD. Very little IHD occurs in the absence of either, but when both are present, the incidence may rise to 4% per year. Both in the Framingham study, and in our investigation of London busmen,' hypertension and high serum cholesterol levels were found to be fairly independent of one another. That is to say, individuals with elevated blood pressure did not show a particular tendency to elevated serum cholesterol levels, nor vice versa. Here again, the existence of two independent factors, each of which bears some relation to the pathogenesis of IHD, implies a multiplicity of causes of the disease.
Clearly, then, many things are involved in the production of IHD, a conclusion supported by clinical experience. Death coming "out of the blue" to the younger man, or to the post-operative middle-aged individual, or to the old man shovelling snow or during a smog; the infarction in the ovariectomised young woman, in the middle-aged diabetic, or in the old lady with ruptured heart; these and many more syndromes have accustomed the clinician to think in terms of a "multifactorial" situation. Even if it turns out that one cause is necessary (perhaps one relating diet to thrombosis) there is no indication that this will be any more sufficient an explanation of the etiology of the disease than is Koch's bacillus in tuberculosis, or the hemolytic streptococcus in rheumatic fever.Ba Exercise. There is now considerable evidence that physically active workers have less, and less severe, IHD than do light workers. This fact is interesting in view of two trends: first, the rising incidence of IHD; and second, the decrease in amount of exercise. Reduction of physical activity is surely one of the characteristic social changes of the present century, and automation promises to finish the job. The correlation between sedentary occupation and high attack rates of IHD have now been made Figure 1 and Table 1 These questions illustrate the problem of elucidating the nature of the various factors involved in the development of chronic disease during middle and old age; inherited, historical, and current internal and en- Summing up, physically active workers seem to be healthier in middle age, which makes good sense from a phylogenetic point of view. In terms of ischaemic heart disease, the increasingly chairbound life may be a cause of its recent increase, may contribute to its occurrence in early middle age, may also be a factor in its severity. The indications are that in England such IHD as the habitually physically active do have, is milder and occurs later in life."' Sedentary living is, of course, only part of the "epidemic constitution" of our time. Physically inactive men, like others, are often heavy smokers, and their work is particularly liable to involve them in nervous strain. Such men tend to be among the more prosperous, and are as overnourished as any.
The nervous factor. One of the puzzles -and challenges -in the international epidemiology of IHD is the very high rate in the United States as compared with Western Europe. Other countries also have high rates, for example, Australia and New Zealand; Finland is a law to itself, but the American experience has been studied most. The excess seems to be real and not a matter of diagnosis, etc. As yet there are few serious suggestions by way of explanation. Thus blood lipid levels do not seem to be very different in the United States, England and Sweden. Less is known about blood pressure, but there is nothing suggestive of gross international differences within the West. There might well be more obesity in the United States, but the relationships of obesity to IHD are not very clear or very strong. I fancy that on an average there is considerably less physical activity in America, certainly less than in Scandinavia; but again, the available evidence does not suggest that this would be a sufficient explanation for the observed differences in incidence of IHD. And it is the same with smoking. We are left with possible mental and emotional factors about which Osler was concerned even before the first World War. In the United States and Russia there is now great interest in possible relationships of disorder of higher nervous functions to IHD. American workers are strongly influenced by Psychonanalysis, the Russians by Pavlovian psychology. But the results seem much the same.
Rosenman and Friedman'3 describe a behaviour pattern characterized by an "intense, sustained drive for advancement . . . and chronic immersion in competitiveness and deadlines, both in vocation and in avocations". They write of "constant competitive striving" and "the pursuit of self-selected but rarely satisfying goals that lead to an incessant treadmill of work, activities and deadlines . . . that require habitual acceleration of the pace of daily living". Such persons, they report, show hypercholesterolemia of perhaps 20 or 30 mgms. per cent, high Beta lipoprotein readings, premature arcus senilis, a higher norepinephrine secretion during work-and gross excess of IHD.
Now if this picture of outraged human nature, to borrow from Tawney, is true of any sizeable fraction of IHD victims, even those of middle-class, (and at present we do not know whether it is true or not), the observation would be exceedingly important. The descriptions correspond to the familiar picture of modern insecurity and status anxiety, to Fromm's market personality, and Riesman's other directed man of the times. As epidemiologists we must probe the relation of this behaviour to trends in modern society, to the emphasis on individual achievement; for example, the great social mobility, the trend to size and Organization, the profusion and confusion of roles, and many others. We must recognize the suggestion that coronary patients are casualities of the social system, indicated by the postulated relationships of IHD with sedentary occupation, as well as with the rising standard of living and over-nutrition. It is urgent that we in Public Health should seek systematically for evidence of such translation of social systems into morbid physiology and lethal pathology. If it is a fact that a major burden of disease arises from the successful functioning of our society, then the tasks confronting the "sanitary reformer" of today are as great as anything met by the 19th century pioneers of urban and industrial hygiene.
The emphasis on deadlines represents in malignant form the loss of the physiological, individual and more personal sense of timing characteristic of simpler societies which disappeared with the industrial revolution. Northrop, of Yale University, has written beautifully on this theme.' "When the cause of a disease is philosophical", he concludes, "the cure must also be philosophical". To which we might again reply in a small voice, "multiple casuality"-and proceed to Diet. By now it is tolerably certain that fats in the diet affect blood lipid levels and that blood lipid levels affect coronary artheroma. However, it is also tolerably certain that more than fats in the diet affect blood lipid levels, more than blood lipid levels are involved in atheroma formation, and more than atheroma is needed for IHD. The triangular relationship between diet, blood lipids, and IHD is valid only in very general terms and at the extremes of human experience, comparing for example the wretched Bantu with Cape Town Europeans. Between, there is considerable uncertainty; and it is urgent, if sometimes difficult in the contemporary climate of opinion, to keep an open mind and to seek more knowledge. The crudity, it may even be irrelevance, of available blood lipid fractions as indications of atherogenesis and thrombosis is only one of the major obstacles to progress.
At this point we can ask only two questions. How much is diet responsible for the modern increase of IHD in Western countries? And However, the epidemiological evidence as illustrated in Table 3 , gives no support to the current hypothesis on the crucial importance of saturated fat; there is nothing in the data to account for the steep and apparently steady increase of IHD in recent times. In our own studies among individuals (Fig. 2) we could find no correlation between fat intake and 3"6 blood lipid levels. The suggestion from both sources of data is that fat consumption levels are above the threshold that matters. To reduce blood lipids on the metabolic ward, the ratio of saturated to polyunsaturated fat in the diet needs to be 1 :1 or even less, but the lowest ratio in Figure 2 is about 4:1.
Another piece of evidence which indicates that dietary fat is not the whole story is shown in Table 4 States, United Kingdom, and Sweden fail to provide any sort of explanation of the differences in mortality from IHD in these countries. There are other inconsistencies when all Western countries for which data are available are included.
What are the prospects of controlling IHD by changing the diet to a ratio of unsaturated to saturated fats of 1 :1 ? It is now clear that very high blood cholesterol levels can be reduced by this means by about one fifth and lesser levels by 15 or 10 per cent. The hope is that individuals whose diet is so changed will develop IHD at the lower rate of those who naturally have the lower cholesterol levels. On the basis of the Framingham study,' such lowering of lipids during middle age would still leave the incidence of IHD in Americans higher than it presently is in England, and much higher than in Sweden. Perhaps this is starting altogether too late; we know there are many relevant changes earlier in life, well before middle age, both in blood lipids and in coronary arteries. Perhaps an attack on one cause, even if it proves to be the greatest, and sets the stage for the rest, is not enough. In any event, as already pointed out, American cholesterol levels alone do not account for the American excess of IHD.
THE NEXT STEPS
Be that as it may, what is urgently needed now are facts, not speculation. To judge from Figure 2 these facts will not be obtained from observation of what is "naturally" occurring in Western countries; there is too small a range and nearly everyone may be above the safety level in diet and in cholesterol level. Moreover, since multiple, powerful and widely diffused factors are involved, clear-cut answers are unlikely to emerge from further observation; and such studies in the West are yielding diminshing returns. Controlled experiments need to be made now, and the heroic proposals of my American colleagues for a mass trial of a diet high in polyunsaturated fat are indeed timely. Experiments on a grand scale must be carried out on more than diet; even now, it is known that mortality from IHD is substantially lower among men who have given up smoking. It may be possible to launch a trial in which cigarette smokers even if they do not give up their cigarettes change, at least, to cigars or a pipe. Planned increase of exercise in a large sedentary group will be more difficult to achieve, but we must begin to think about it; an hour's walking or its equivalent a day may be effective. Only with favourable results from such mass trials would we have much hope of conducting successful health education campaigns. More and more the challenge to Public Health seems to be to halt strong social trends, of which richer diets, heavy smoking, and less exercise are but the most obvious.
The scope for observat on of 'experiments of opportunity" remains great in certain population groups which are "developing" rapidly, such as those in West Africa or Israel. We may not have too much time to make such studies. I would regard them, too, as being most urgent.
